In the last twenty years, the increased interest in breeding jumping horse has not been paralleled by research into their energy requirements. A crucial factor in breeding race horses is the quality of the ration, which must sustain and promote high performances. In addition to the energy required for maintenance, energy needs depend on muscular, skeletal, respiratory and cardiovascular system activity. The energy expenditure related to work performed depends on effort duration and intensity, but it may be affected by the effect of the lack of oxygen at the end of the work, increased energy requirement as a reaction to "stress", and a general increase in metabolic rate. Formulation of a diet that meets the nutrient requirements of athlete horses must also consider the effects of the combination of different dietary components. The present research was carried out in jumping horses to evaluate the nutritional value and t h e d ig e s t i bi l i t y o f t h r ee types of roughages administered with two different feedstuffs.
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Materials and Methods
The study was carried out at "Le 5 Querce" riding school in Campogalliano, Modena, Italy and was approved by the Veterinary Medicine Ethics Committee of Bologna University, Italy. We studied 8 healthy jumping horses in activity housed in boxes with wood chips. Subjects were divided into two groups according to the feedstuff used: pellet (P) or crushed (C).
* Group P (2 males and 2 females, average live weight 580.3 ± 30.5, performing regular training and high-intensity exercise) received a pellet feed containing oats, barley, corn, soft wheat bran, soybean wheat, pitted carobs (Ceratonia siliqua), linseed expeller, molasses, mineral salts and vitamins and one of the three types of roughage in succession: Trial 1 traditional hay (PH), Trial 2 haylage (PHL) and Trial 3 dehydrated alfalfa (PDA).
* Group C (2 males and 2 females: average live weight 560.5 ± 20.7, performing regular training and low-intensity exercise) received a crushed feed containing black crushed oats, crushed barley, crushed carobs, whole crushed toasted soybean, pellet bran, crushed corn, crushed broad beans and the same three roughages: Trial 1 traditional hay (CH), Trial 2 haylage (CHL) and Trial 3 dehydrated alfalfa (CDA).
The contents of the three types of roughage were as follows The daily rations were calculated in line with Kohnke [3] and met the requirements of maintenance and of the work performed by the animal. Considering the amount of ingested roughage, expressed as dry matter (DM), although less haylage was given than both traditional and dehydrated hay (Group P: 4.0 kg/d vs 5.4 and 6.4 kg/d; Group C: 4.0 kg/d vs 5.4 and 5.5 kg/ d), it met the capacity of ingestion of horses and was in line with the manufacturer's suggestions. During the experiments, the feed was weighed daily and the residues checked. Faeces were collected twice a day at the same time of day in the last five days of each trial after a period of adaptation of 15 days to each diet, to obtain greater reliability of results. Daily faeces samples from each subject were pooled, frozen and lyophilised.
Feed samples were collected from the manger for each trial. Feed samples and faeces were analysed to determine: DM, crude protein (CP), ether extract (EE), crude fibre (CF), NDF, ADF and ADL (Van Soest), ash [5] , acid-insoluble ash (AIA) [15] and gross energy by calorimetric adiabatic Parr bomb. The coefficient of digestible utilisation (DUC) of nutrients was calculated according to the AIA method. The energy DUC calculated with AIA was compared with the one obtained using the equation reported by Martin-Rosset et al. [7] . The DUC data were subjected to analysis of variance using the JMP (SAS system) [11] following the method that maintains two separate groups (P and C) according to the model:
Where: y i =considered parameter, µ=general mean, α=roughage effect, ε i =casual residual factor.
Results and Discussion
The chemical composition of the nutrients is shown in Table 1 .
The differences in nutrient content (protein and fibre) of roughages are affected by various factors such as botanic variety, time of harvesting and temperature and weather at harvest [2] . The nutrients supply and energy value of the different diets are reported in Tables 2 and 3 . The quantity of DM ingested changed with the type of roughage and was higher for alfalfa hay in combination with both feedstuffs. Ingested crude protein was also greatest for dehydrated alfalfa combined with both feeds. The lower quantity of DM ingested with haylage might have been related to the presence of organic acids that may have modified ingestion. The daily supply of all nutrients except fibre was higher for the animals receiving the P feed.
Daily crude protein ingested by the P group was higher than that reported by Kohnke [3] for 500 kg live weight horses in training and lower in the C group. The energy supply of group P was in line with the suggestions of Kohnke [3] , while it was always lower for group C.
The digestibility coefficients of the nutrients supplied with the P feed and the different types of roughages are compared in Tables 4, 5 and 6. The digestibility coefficient of organic matter (OM) was not influenced by the type of roughage. The digestibility coefficients of crude protein were greater (P<0.01) for the PDA and PH diets than for the PHL diet. The DUC of ether extract was significantly higher in dehydrated alfalfa and lower in haylage.
The coefficients of digestible utilisation of protein for the PH and PDA diets were better than those reported by Takagi et al. [12] for horses fed 30% hay and 70% commercial feed, Martin Rosset et al. [6] for light horses fed a 85% hay and 15% feedstuff, and La Casha et al. [4] for Quarter Horse yearlings fed alfalfa hay. The same trend was observed for the ether extract, which was higher for horses receiving dehydrated alfalfa, and was similar to that reported by Takagi et al. [13] for horses fed a basic diet and barley flaked with hide.
The results of digestible coefficients of fibre and Table 5 . The digestibility of crude fibre showed the best results for PH and the worst for PHL. NDF digestibility exhibited the same trend as crude fibre although with a lower level of significance. For ADF the digestible coefficients were similar for all three roughages. The coefficient of CF in the PHL diet was similar to that obtained with the AIA method by Miraglia et al. [8] in a trial where horses received a ration forage/concentrate (67/33). The DUC of hemi-cellulose exhibited the lowest value with dehydrated hay (P<0.01). The levels of gross energy and the coefficients of energy utilisation according to Martin-Rosset's equation (DUC DE1 ) [7] and AIA (DUC DE2 ) are reported in Table 6 .
The ration consisting of pellet feed and dehydrated alfalfa (PDA) had the lowest gross energy content/kg, but, as a result of greater DM intake, PDA and PH diets had a higher content of GE. The daily supply of digestible energy, calculated using DUC DE1 and DUC DE2 , was greater with dehydrated alfalfa (32. [1] for racehorses receiving two different diets, but better than those reported by Peiretti et al. [10] .
The results obtained with the C feed and the three roughages -traditional hay (CH), haylage (CHL) and dehydrated alfalfa (CDA)-are reported in Tables 7, 8 and 9. The treatment did not induce differences in OM. The coefficients of digestibility were lower than those obtained with the three roughages and the P feed. Statistical analysis showed a significant difference for crude protein (P<0.01), with a better value for dehydrated hay. This coefficient is higher than the means reported by other researchers [6, 8, 12] and shows values and trends similar to Group P ( Table 4) . As regards EE digestibility, the best value (P<0.05) was obtained with traditional hay (CH) followed by dehydrated alfalfa (CDA) and haylage (CHL). The coefficients of CP and EE are similar to those obtained by Takagi et al. [13] with a basic diet and corn flakes. The coefficients of digestibility of CF (P<0.01) and NDF (P<0.05) were better in the ration containing haylage; the NDF values obtained for the CH diet are similar to those reported by Casini et al. [1] for diet 2, and higher than those reported by Vermonel et al. [16] . The values of digestibility obtained for CF, NDF and ADF in CHL diet are similar to those reported by Miraglia et al. [8] in trial 2 with the AIA method. The statistical analysis for hemi-cellulose shows a significantly lower value for the CDA diet; the DUC of hemi-cellulose values in CH and CHL diets are similar to those reported by Casini et al. [1] for a diet composed of hay and an extruded feed.
The level of GE in the diet with dehydrated alfalfa was lower than with the other two diets. The digestible daily energy obtained using DUC DE1 
Conclusions
The evaluation of nutrient digestibility must take into account the type and quality of feeds and in particular the fibrous components of roughages, which can modify the fermentation activity of the digestive tract [9] . The results of these trials provide interesting information on the capacity of nutrient utilisation in both the P and the C feeds. In fact, we agree with Palmgren Karlsson et al. [9] that the digestibility of the total ration is not consistently equivalent to the sum of the individual components.
The use of different roughages gave similar coefficients of crude protein digestibility. In both feeds, the utilisation of protein and ether extract was worse with haylage, while combined with the crushed feed it exhibited better digestibility for crude fibre and fibrous fractions according to Van Soest. The coefficient of digestible energy was better in Group P than in Group C with all three types of roughages, even though the larger quantity of feed ingested by group P, by raising the rate of transit, should have reduced the utilisation coefficients.
In conclusion these results confirm the importance of evaluating the composition of forages because the predicted values of diets calculated on preservation techniques are not always confirmed by analysis of their utilisation. In particular, the digestibility of a ration could be affected not only by the variability of diets but also by the associative effect due to the combination of the different foods present in the diet.
